INTRODUCTION
The contribution of type II restriction enzymes to recombinant DNA technology has stimulated extensive searches for these enzymes such that at the present time 355, with at least 86 different specificities, have been demonstrated in a variety of bacteria (2) . However, in most cases, there is no direct genetic evidence for the presence of a restrictionmodification (R-M) system (3, 4) . A total of 6 type II restriction enzymes have been isolated from members of the genus Streptococcus as follows: Str. faecalis (Sfal, SfaGUI, SfaNI, Sfa91161), Str. zooepedemicus (Szol) and Str. agalactiae (SagI) (2, 5) . Enzyme activity was not detected in two Str. lactis strains examined (5) . In our studies on the industrially important Group N lactic streptococci we have demonstrated several R-M systems operating on bacteriophage (6) in agreement with other workers (7, 8) but the presence of restriction enzymes in these bacteria has not been reported. Here we describe the isolation of a type II restriction enzyme, ScrFI, from Streptococcus cremoris F, a strain isolated from a mixed strain starter culture used in Cheddar cheese manufacture.
METHODS AND MATERIALS
Cultures Used:
Streptococcus cremoris strains F and KH were transferred routinely ) IRL Press Limited, Oxford, England. 8171 0305-1048/82/1024-817182.00/0 by guest on March 14, 2012 http://nar.oxfordjournals.org/ Downloaded from at 30°C in Lactic Streptococcal Broth (LSB) a medium similar to M17 (9) containing (g/1); lactose lOg, tryptone 5g, tryptose 5g, yeast extract 5g, lab-lemco lOg and B-glycerophosphate 7.2g, pH 7.4. I!, coli ACI857S7 was grown in Luria Broth at 30 C.
Growth of Bacteriophage and Isolation of Bacteriophage DNA: Bacteriophage X was isolated by induction from E_. coli ACI857S7, concentrated by centrifugation (10) and purified on a caesium chloride block density gradient. Bacteriophage f.KH was propagated to high titre on Str. cremoris KH and, after successive centrifugation at 10,000 rpm x 30 min and 20,000 x 2h on a Beckman J-21C centrifuge, purified on a CsCl block gradient. DNA from both A and f.KH was isolated by extracting with phenol.
CsCl was removed by dialysis against 2000 volumes of buffer (O.O25M
Tris-HCl, pH 7.5, 0.01M Na 2 EDTA and 0.1% SDS) for 2 hours, while dialysis against 4000 volumes of TE buffer (0.01M Tris-HCl, pH 7.5, 0.001M EDTA) for 2 days at 4 C removed the phenol.
The other DNA substrates, SV40, 0X174 and pBR322 and the enzyme Sau The effects of temperature, pH, MgCl., MnCl., NaCl and KC1 on enzyme activity were examined. The concentrated enzyme preparation was diluted in buffer (0.01M potassium phosphate, pH 7.2, 0.005M NajEDTA, 0.005M SHCH CH OH, 500 ug/ml BSA, 50% glycerol and 0.2% Triton X) to a level which yielded partial digests of substrate (phage f.KH) DNA, chosen because the low number of bands generated made it easier to detect partials (6) .
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Determination of Recognition Sequence
ScrFI was used in single and double digests with PstI, EcoRII and BstNI on pBR322, SV4O, Ad2 and 0X174 RF DNA's. The sized fragments from each of these digests were used as raw data for a computer program designed to predict recognition sequences of restriction endonucleases (11) . The computer predicted recognition site was verified and the cleavage site determined using Ad2 DNA and procedures identical with those described previously (12) . Ad2 DNA was digested with ScrFI, the 5'terminal phosphate removed with alkaline phosphatase (Boehringer) and replaced by using polynucleotide kinase (13) and {gamma-32P} ATP (14) . A portion of the labeled fragments was digested with pancreatic DNase (Sigma) and snake venom phosphodiesterase (Sigma) and the resulting mononucleotides analyzed by electrophoresis on Whatman 540 paper at pH 3.5. Another portion of the labeled fragments was treated with exonuclease I (15) in order to determine the 5'terminal dinucleotide sequence. The remainder of the labeled fragments was treated with pancreatic DNase and fractionated by electrophoresis on cellulose acetate at pH 3.5 in the presence of 7M urea followed by homochromatography (16) using homomix VI (17) . The resulting fingerprints were exposed to autoradiographs to determine the recognition sequence based on the mobility shifts of each succeedingly longer oligonucleotide (18) .
RESULTS AND DISCUSSION
Isolation of ScrFI:
The Group N or lactic streptococci are important in dairy fermentations.
Bacteriophage attack is a significant problem in commercial strains. Biological evidence of phage DNA restriction in some strains is available and is considered to be a factor in phage insensitivity (6, 7, 19, 20) . In an attempt to determine the biochemical nature of the restriction activity present we examined Str. cremoris strains F, KH, C3, AMI and SK11G and Str. lactis strains CIO and SK, and Str. lactis subsp. diacetylactis strain 18-16 using X DNA as substrate. Specific endonuclease activity was detected only in the case of Str. cremoris F, This activity was present in the 70% (NH,)_ SO, precipitate and was freed from non-specific exonuclease activity by the two-column procedure described in the methods section.
The effects of several parameters on the activity of ScrFI were examined. There was an absolute requriement for either Mg (range l-40mM)
or Mn (range l-6mM), the optimum concentrations being 7mM and 4mM, respectively. The ability of Mn to substitute for Mg has been reported for other restriction enzymes (21, 22) . The divalent ion requirements of ScrFI were not satisfied by Ca . The presence of S-adenosylmethionine or ATP was not required for activity, nor did they stimulate activity, indicating that ScrFI is a classical type II restriction enzyme. Neither KC1 (0-lOOmM) or NaCl (0-80mM) had any effect on enzyme activity but lOOmM NaCl or greater did cause inhibition. ScrFI was active at temperatures between 21 and 48 C and pH's between 5.5 and 9.0, the optima being about 43 C and pH 7.0. Heating the enzyme at 40 C x 40 min had no effect but no activity was detected after heating at 58°C. No loss of activity was observed after storage of ScrFI in dilution buffer at -2O°C for 8 months or at 4 C or room temperature for 2 months.
Determination of the Recognition Sequence of ScrFI
ScrFI was initially characterised by its action on Ad2 DNA (>50 sites), XDNA (>50 sites), pBR322 DNA (>10 sites), SV40 DNA (>10 sites) and 0X174 DNA (3 sites) (Fig. 1) . Close examination of the digest pattern of ScrFI on SV40 DNA revealed that the sizes of the fragments detectable were identical (within experimental error) to the computer predicted pattern for EcoRII digestion of this DNA. Furthermore, a double digest of ScrFI and PstI on SV40 DNA gave a pattern identical to that predicted for an EcoRII / PstI double digest i.e. the largest ScrFI fragment was cleaved and the products comigrated with fragments 4 and 5 and of the original digest (data not shown). A direct comparison of the cleavage patterns of ScrFI and EcoRII on SV40 DNA and a double digest with these enzymes confirmed that they A cleaved this substrate at the same recognition sequence i.e. CC /TGG (Fig. 2) . 
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SV40 DNA compared to those on pBR322 and Ad2 DNA's were reconciled with the aid of a computer programme (11) . A computer scan of SV4O DNA showed that the sequence CC /GGG was not present. This would explain why ScrFI and EcoRII digests of this substrate were identical i.e. both cutting CC /TGG. The computer scan of pBR322 DNA showed the presence of 6 A C CC /TGC sequences and 10 CC /GGG sequences. In addition, the predicted sizes of the 9 largest fragments generated by an enzyme recognising these 16 sequences (i.e. recognition sequence CCNGG) were identical to those observed experimentally with ScrFI (Fig. 3) . Further experimental evidence is shown in Fig. 4 . A double digest of EcoRII and Neil (which recognise A C CC /TGG and CC /GG, respectively) was identical to the ScrFI digest. These data strongly suggest ScrFI as the first restriction enzyme to recognise the sequence CCNGG.
The recognition site of the new enzyme was confirmed using biochemical techniques. ScrFI fragments of Ad2 DNA were prepared and labeled at their 32 5'-ends with polynucleotide kinase and alpha--P-ATP. The 5'terminal nucleotides released after digestion of these labeled fragments with a mixture of pancreatic DNase and snake venom phosphodiesterase were pG, pC, pA, pT, while the 5'terminal dinucleotides obtained with exonuclease I was pNG (Table 1) . A two-dimensional anslysis of the oligonucleotides produced by digestion with pancreatic DNase alone indicated the unique sequence NGG The standard dinucleotides were prepared by phosphorylating the corresponding dinucleoside monophosphates (Collaborative Research) with polynucleotide kinase and (alpha-P) ATP as described in Methods. Products were purified by electrophoresis on DEAE-cellulose paper in 7% (v/v) formic acid. Products from exonuclease I digestions were analyzed by electrophoresis on Whatman 540 paper at pH 3.5 (23) using purified dNC dinucleotide as markers. R^ refers to the electrophoretic mobility with respect to that of the blue dye xylene cyanol FF.
as being present on all fragments. After this sequence the following nucleotides become degenerate at the fourth nucleotide position. The simplest interpretation of these results is that ScrFI recognises the pentanucleotide sequence CC+NGG with the cleavage site indicated by the arrow.
CONCLUSION
A new site-specific endodeoxyribonuclease has been isolated from Streptococcus cremoris F. The enzyme, designated ScrFI, was shown to recognise the sequence, 5'-C-C-N-G-G-3
1 . This is the first demonstration of a restriction enzyme in the industrially important lactic streptococci.
The possible role of the enzyme in the in vivo restriction of phage DNA is being examined.
